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Baseline Impeller Test 



.9- a) 


<u ag» 

s X £ 

</)<*>« 

</> <2 m 

! g §■ 

T- q "O 
0=0 
o) 2 

o 2 - ° 
c E w 

CO "" 

P -o « 

C © </> 

O TJ © 
t 3 O 
© O g 

o.£ 2 

© © S !5 

.c c ® 3 
h- 3 O 5= 


32 CO £ 
03 -J= ’> 
O C £ 

g,E 3 ) 

g) 0 Z 3 
03 , 

-|_J V- 

co o o 

O" H "” 
0 0 _co 
-C 0 
O) 0 -q 

2 S’? 

2 to f 

0 a to 

$ E ■- 

03 ^ -fc! 
-Q cl — 

So® 

03 -Q 5 
■0 1=™ 

C +- 4^ 

CD > '£= 

■55J ? 

Q) DC > 
■D -o 

0 •— E 

£ c 05 

o CL 

■o += o 

C O Q 

0 o g 
$<■0 0 

UJ £ Q 



MSFC Pump Test Equipment Facility Unshrouded Impeller Test Article 




</> 9 
— > 

LU o 

f 3) 

Q_ 0 

5 = 

H £ 

■ <0 
> D) 


£1 

c > 

<D £ 

1 1 

§- 3 

LU O 

60 ^ 
O 0 

*" S 
E 5 
0- o 

</> T 

"O 

CJ m 

U- 3) 

C/) O 


o 

o o 
a> E 

i! 

O "O 

£1 

= o 

O a 

(0 0 

<0 

* 

E 5 

a o 

</> JO 
> CO 

» -O 
c c 
o (0 

fa ^ 
n a 
■z a> 

3 E 


a o 

■D ■*- 
c -r 


5 o > 

"D <? O 

8 a) £= 
g <o c 
o o o 
o "D o 



c 

’S3 


fi 


I s - 


O 

o 

o 

C\J 


> 

Z5 


Pump Test Equipment Facility Schematic 






£ 

O 

mw^m 

Q. 


O 

CO 

CD 

O 


0) 

o 



CD 

£ 
■ M 

"55 

co 

CO 

CD 






o 

> 

0 

■ 

c5 

> 

<0 


00 


0) 

c 

o 


~ <0 


CD 

(0 


</> 

5 

o 

75 

0) 

o 

■c 

(0 

co 

o 

o 


3 

O) 

c 

o 

o 

0 

(0 


■O 
"D 

c 

<U 

<2 

0 

0 

a 

E 

B 

■S 
(0 
0 

D) £ 
— CO 
<0 > 

«4S 

ra 5 

3 O) 


o 

c 



oo 

CM 

CO 

6 

O 

O 

CM 


O 

O 

O 

C\J 

K 

> 

=3 

“D 


I 



X 

cS 


(/> 

o 


f 

0 

1 

,Q> 


0 

J* 

1 

E 

"5 

1§ 

I 



"D 

0 

0 c 

8 I 

og 

0 

O) CM 

C H_ 

(0 o 

<0 O 

1 8- 

o * 


75 g 

> S 

<D 0) 
<0 c 
(0 o 

5 ° 


0 

o 


Q. 

E 

3 

Q. 

C 

0 

E 

3 

O 

o 

■D 


"D 

<D 

0 

Q. 

(/) 

O 


"D 

0 

(/) 

3 

0 

0 

§ 

D) 


q. CO 

E * 

0 


U) .9 


^ 0 

S I 


£ s= o o .a 

W ■“ r ^ :: — .x. m 


Q) = 

75 <0 5 


0 

to 75 
<5 (o 

£ § 
O 4= 
t: =5 
© c 
a o 

o o 

o o 

'£ ■£ 

(0 <0 

To o 

0 Q. 

I- o 


O 0 
+- o 
■a c 

0 g 

0 <5 

3 0 

1 V 

O Q- 

0 ^ 

0 .£ 

1 * 

5 0 

8 75 

■£ 0 

0 o 

0 C 
+- 0 
0 £ 
0 E 

0 *2 
> 0 

LL Q. 


o 

0 

Q. 

0 

C 

o 


1 % 

8 o 
o o 


0 

c 

0 

'o 

it= 

0 

o 

o 


5 o 5 


o 

D 
0 
-t— > 

C 

0 
-t— > 

0 

c 

o 

o 

0 

0 

£ 

3 

O 


■a 

0 

0 


s o 


c i- 
O) 0 

'0 -Es 
0 .9^ 

■O -C 


"O .h 
0 s- 

S 3 

9- "D 
0 w 

■o "O 

c 0 
0 .i: 
c 3 
.9 O" 

o S 

=J CO 
0 </) 


0 

o 

c 

0 

E 

o 

t: 

0 

Q. 

0 

O 

r 

0 


0 
0 

0 

75 

3 

CO __ 
> 2= 


© H= 


£ O 


© To 


O) 0 

i E 


0 © 
c - 1 - 
O 0 


0 0 0 


0 0 0 "0 0^0 

l't 
o « 

° w 


O O 
C C 
0 0 

E E 


o 

C 

0 

E 


o o o 

t t= t= 

0 0 0 

a a a 

c sz c _ 

o o O Hi- 


o i= 
o 3 
0 0 
*“ 0 

>* 
o 
c 
0 

S" s 


0 

E 

0 


0 


000 

13 ZJ D 
CO CO CO 


-© 
X 0 
0 


</) 


To 2 
0 

il 

s= o 
c c 
o c 

O "D 
2 0 


o> 

c 

3 

"D 

"3 

0 

■D 

O 

O 

0 

0 

0 

5 

0 

c 

o 

4-» 

0 

0 

0 

o 

o 

0 

~o 

c 

0 

0 

0 


0 

0 

0 

Q. 

> 

■o 

0 

0 

To 

£ 


CD 


~3 


inlet pressure and speed ramps at each flow coefficient 




</) 

o 

D 

03 

> 

■o 

d) 






O Q. 
CO <0 


D <0 
o O) 



C/5 

3 

C/5 

i_ 

05 
> 
-i— > 

C 

05 

'o 

it= 

0 

o 

o 

"O 

CO 

0 

-C 

1 — 

_0 

0 

Q. 

E 



iu,ip a ,i03 pit an 



bbodobdob 

}W3(j3m»03 p*»| T jjh adu^ 


specific speed at design impeller normalized impeller flow/speed ratio 

flow/speed ratio 
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diffusion factor, and exit blade angle are all varied with change 
in blade number 
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Blade Angle Distribution for 5+5, 6+6, and 8+8 Designs 
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Impeller Efficiency Back flow at blade leading edge 
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Impeller Efficiency Back flow at blade leading edge 
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rotordynamics, weight, and impeller stress to ensure a viable 
concept to advance to an operational turbopump 
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high head unshrouded technology would increase payload 
capability by as much as 4,375 lbs. per vehicle 






